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Fibronectin distribution during fetal rat skin devel-
opmen t has been studied immunocytochemically at the 
light and electron microscope level from 16 days of 
gestation to birth. The dermal-epidermal junction, the 
dermis, and connective tissue around deve loping muscle 
wer e shown by light microscopy to be heavily stained 
throughout t his period. The developme nt of hair follicles 
from a bout 18 days onward was not associated with any 
consistent cha nge in fibronectin distribution. The heavy 
staining of the upper dermis was associa ted with a high 
density of mesenchymal cells, and immunoelectron mi-
cr oscopy rev ealed fibronectin on the surface of many of 
these cells a nd in association with the surrounding fine 
collagen fibrils . At the dermal-epidermal junction, both 
follicular a nd inte rfollicula r, fibronectin was localized 
ma inly in the plasma membrane and lamina Iucida re-
gions of the basement membrane, and there was also 
staining associated with the underlying fine collagen 
fib rils. These observations are further evidence for the 
proposed role of fibronectin as a mediator of the cell-
matrix interactions which are of importance for tissue 
development a nd maintenance . 
The high-molecula r-weight glycoprotein fibronectin , which 
is present in base me·nt membranes and loose connective t issue 
[1,2], has been proposed as a mediator of cell - matrix in te rac-
tions in vit ro a nd in vivo. The properties of fibron ectin a re 
consistent wi t h such a role since it has t he capacity to bind 
othe r connective t issue and basemen t membrane components 
such as collagen [3- 5], glycosaminoglycans [6- 8], a nd sulfated 
proteoglycans [9] a nd can a lso inte ract with t he cell surface to 
promote adhesion and spreadin g of fibroblasts a nd other cell 
types on various substra tes (for reviews see [10,11]) . Coordinate 
in teraction of fibronectin wi t h the microfi lamentous compo-
ne nt of t he cytoskeleton appears to be required for organi zed 
cell spreading (12- 14]. In t he case of epiderma l ce lls, fibronectin 
appears not to enhance attachment to co ll agen [15], bu t we 
have recent ly shown t hat t he distribut ion of fibronectin in 
kerati nocytes cul tured on glass covers! ips is consistent with a n 
ad hesive role a nd closely co rresponds to t he distribution of 
actin -conta ining microfil a ments in many cases [16]. While the 
response of epiderma l ce ll s to fibronectin in vivo is still un -
know n, t hese results agree wi t h our earlier suggestion t hat 
basement membrane fibronectin has a role in the orientation 
and organization of t he overlying epiderm a l ce ll s in skin . T o 
obta in furt her evidence for t he role of fibronectin in vivo, · we 
have studied its distribut ion by light and e lectron immunocy-
tochemistry during t he development of la te fetal rat skin, ·when 
many importa nt changes in t he epidermis and dermis occur, 
includin g t he formation of t he first ha ir follicles (17] . W e have 
shown t hat fi bronectin is present in t he cuta neous base men t 
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membrane t hroughout this period and t ha t it is a lso present in 
a cell surface a nd matrix form in t he developing mesenchyme. 
MATERIALS AND METHODS 
A ntisera 
Rabbit antise ra to human fibronectin [18] prepared by the method 
of Engvall and Ruoslahti [19] and to bovine fibronectin (a gift from 
Dr. S. Chavin) were used. Peroxidase-conjugated goal ant i rabbit anti -
serum was purchased from the Miles-Yeda Ltd., Slough, U.K. 
Tissue Preparation and Staining 
Pregnant rats (Col worth-Wistar albino st rain ) were taken at 16- 20 
days of gestation (measured from the date on which a vaginal plug was 
fir t seen) and fetuses dissected out. Samples of newborn rat skin were 
also ta ken, from the dorsum. In the case of 18- to 20-day fetuses, small 
areas of dorsal skin could be readily removed for fi xa tion, but wi th 16-
day fetuses it was more satisfactory to fi x the entire animal. Apart 
from a longer fi xation (up to 3 h) , the conditions of preparation of 
cryostat sections were exactly as described before [2]. Al ternate sections 
were sta ined wi th hematoxylin and eosin , and the matching frozen 
sections were stained wi th ant isera to tibronectin using the indirect 
immunoperoxidase technique. The detail s of this method and the 
cont rols used to establish specificity of staining were as described 
previously [2]. Sections were examined and photographed on a Leitz 
Ortholu x ll microscope wi th Ill"ord Pan F film. For immunoelectron 
microscopy, cryostat sections were cut onto araldi te squares and proc-
essed as reported previously 12] except t hat these sections were cut 
using a Reichert ul tramicrotome and were examined in a J eol 100 CX 
electron microscope. Fetal t issue was also processed for transmission 
electron microscopy but the method differed in the following respects 
from that in our previous paper [2]. Fixation was in 3% glutaraldehyde 
in 0.1 M sodium cacodylate buffer (pH 7.4, 4"C) for 4 h, followed by 
washing in sodium cacodylate buffer, and post!ixation in 1% osmium 
tetroxide in 0.15 M sodium cacodylate (pH 7.4 , 4"C). Dehydra tion and 
embedding were the same except that dibutyl phthalate was omitted. 
Sections were stained in aqueous lead citrate before examining them 
in the J eol 100 ex microscope. lmmunoperoxidase-stained sections 
were not subsequently stained with a heavy metal reagent. 
RESULTS 
LighL Micro~>copy 
Feta l rat s kin undergoes a rapid a nd rema rkable sequence of 
changes between 16 days gestation and bir th (17] a nd the most 
important features a re illustrated in Figs 1a- 5a . The epide rmis 
was t ransformed from a 3- laye red epithelium , showing no ker-
a tinization at 16 days (Fig 1a ) t hrough a n intermediate stage 
a t 18 days (Figs 2a , 3a) into a highly stratified epi t helium wi t h 
a well -deve loped stratum gra nulosum at 20 days (Fig 4a) and 
stratum co rn eum in t he newborn anima l (Fig 5a). At t he same 
time, t he de rmis t hickened a nd matured from a densely cellula r 
t issue at 16 days (Fig 1a) to the relative ly less heavily populated 
connective t issue matrix seen at 20 days (Fig 4a) a nd a fte r 
birt h (Fig 5a). The concentra t ion of cell s in the upper dermis 
remained higher t ha n in the lower dermis however. The fo r-
mation of t he pa nniculus carnosus was evident at 18 days (Fig 
3a), a nd primary ha ir ge rms a lso appea red a round t hi s t ime 
(Fig 2a) . These rapidly underwent involution (Fig 3a), forming 
follicles with recogni zable derma l papill ae at 20 days (Fig 4a.) . 
The distribu t ion patte rn of fibronectin during this . important 
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FIG 1. S ixteen-day fetal rat skin. 
X 265. a, Section stained with H&E 
showing thin epithelium a nd highly cel-
lular immature mesenchyme. b, Section 
stained with ant ifibronectin showing in-
tense dermal-epiderma l junction base-
ment membrane zone staining and sur-
face sta ining of mesenchymal cells. 
FIG 2. Eighteen-day feta l rat sk in . 
X 265. a., Section stained wi th H&E. 
Note presence of hair germ and clustered 
mesenchymal ce lls beneath it (arrow-
head) . b, Adjacent section stained with 
antifibronectin, showing continuom 
basement membrane zone staining 
around hair germ . 
FI G 3. E ighteen-day fetal rat skin. 
X 165. a, Section stained with H&E. Two 
hair ge rms a re present, and t here are 
signs of development of t he muscula r 
layers in t he lower dermis (a rrows). The 
upper dermis rema ins highly cellular. b, 
Adjacent section stained with a nt ifibro-
nectin. Sta ining is generally cont inuous 
along t he basement membra ne zone, but 
is somewhat indistinct around one hai r 
germ (arrowh ead). Note staining a round 
deve loping muscle fibers seen in cross-
section (a rTows). 
FIG 4. Twenty-day fetal rat skin. 
x 208. a, Section stained with H&E. 
Not.e stratification and differentiation of 
the epidermis, wi t h t he presence of a 
stratum granu losum . A developing hair 
fo llicle with a bulb and a dermal papilla 
is seen , but t here is no ha ir sha ft as yet. 
T he musc le of t he pa nnicu lus carnosus 
is clearly seen. b, Adjacent section 
stained with antifibronectin showing in-
tense staining of t he dermis (particula rly 
t he upper regions) and the basement 
membrane zone. The dermal papilla and 
t he connective t issue around muscle fi -
bers are a lso stained. 
F IG 5. Newborn rat skin. x 270. a, 
Section stained with H &E. Appeara nce 
is simila r to that of 20-day fetal skin. b, 
Adjacent section stained wit h a ntifibro-
nectin. The horseshoe shape of t he bulb 
of a hair follicle is clearly outlined, a nd 
the upper dermal matrix staining ap-
pears more fibr illa r in cont rast to the 
lattice-like pattern seen at earlier stages. 
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FIG 6. a, T ransmission electron micrograph of 16-day fetal rat skin , wi t h closely apposed epidermal (E) and dermal (D) cells at t he basement 
membrane (curved arrow). Apparent physical contact is indicated by t he straight arrow. Scale bar = 0.5 11m . b, Immunoelectron micrograph of a 
sim ilar area of 16-day fetal rat skin , showing even staining across the basement membrane zone (arrow) and also on the surface of t he underlying 
and closely apposed mesenchymal cell. Scale bar = 0.5 11m . 
FIG 7. a, Transmission electron micrograph of 18-day fetal rat skin , showing the point at which hair germ involution begins (on left of 
picture). Note continuity of basal lamina (curved arrow ). Close approximation of a de rmal cell process wi t h the basement membrane is apparent (straight arrow). A rrowheads indicate fi ne tilamentous mate rial between collagen fibril s (seen in cross-section) beneath t he basement membrane. 
Scale bar= 0.5 11m. b, lmmunoelectron micrograph of a simila r a rea of 18-day fetal rat skin, again showing cont inuous fibronectin staining along 
basement membrane (curved arrow). Note t hat staining is now more prominent on t he lamina Iucida side. Scale bar = 0.5 11m . 
FIG 8. a, Transmission electron micrograph of 20-day feta l rat skin , showing a high magnification view of t he basement membrane (curved 
arrow) between epidermis (E) and dermis (D ). Scale bar = 0.5 /lm . b, Immunoelectron micrograph of a similar area of 20-day fetal rat skin , wi th 
promi nent lamina lucida/plasma membrane staining for fibronectin (st raight arrows) and li ttle basa l lamina sta ining (curved arrow ). Fibronectin 
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FI G 9. a, Transmission electron micrograph of a dermal cell surrounded by bundles of collagen fibrils (cf) seen in cross-section. Note the 
delicate fi la ments which appear to connect the individual fibrils (arrows). Scale bar = 0.5 .urn. b, lmmunoelectron micrograph of a dermal ce ll , 
showing clear surface stai ning and t he presence of "rings" of fibronectin (arrows) which have a similar dia meter to nearby collagen fibri ls (cf). 
Scale bar = 0.5 .um. 
developmenta l period is shown in F igs 1b- 5b. In each case, 
sta ining was performed on adjace nt cryostat sections to those 
stained histologically (Figs 1a- 5a) and, with the exception of 
F ig 1, ident ica l a reas are shown in the pairs of photographs. 
T his allows direct comparison between fibronectin distribut ion 
and the histology of t he skin . T he most striking features of the 
distribution of fibron ectin in t he late fetal rat skin were the 
in tense sta ining of the basement membrane zone at the dermal -
epidermal junction throughout this period (Figs 1b- 5b) and t he 
heavy sta ining of the dermis, particularly in the upper regions 
where it was often seen in the form of a lattice (e.g., Fig 1b). 
This is probably due to sta ining of the surface of the closely 
packed cells in this area; evidence for this was also obtained by 
electron microscopy (see below). In t he dermis of the newborn 
rat, fibronectin staining appeared more fibr illar (Fig 5b) , in 
contrast to the reticular lattice-like pattern seen earlier in 
development (Figs 1b- 4b). The epidermis contained no fibro-
nectin apart from slight staining of t he periderm; by immunoe-
lectron microscopy (not shown) this was mainly found in vesi -
cles, suggesting t hat it may reflect pinocytosis from am niotic 
fluid [20] which is known to contain fibronectin [21]. Fibro-
nectin was a lso evident around developing muscle fibers at 18 
(Fig 3b, arrows) and 20 (Fig 4b) days, as well as in the newborn 
rat (not shown) . 
Basement membrane fibronecti n sta ining was cont inuous 
a round ea rly hair germs (Fig 2b) as we ll as those that had 
undergone further involution (Fig 3b) . Occasionally, there was 
a suggestion of discontinuity or fuzzi ness arou nd a hair germ 
(e.g., Fig 3b, arrowhead), but this was probably a plane of 
section art ifact, as confirmed by electron microscope observa-
tions (see below). The mesenchymal cells seen to cluster under 
early hair germs (Fig 2a, arrowhead) which form the dermal 
papilla, could not be distinguished from their neighbors on the 
basis of fibronecti n sta ining (Figs 2b, 3b) . At 20 days and in 
newborn skin , fibronectin in t he basement membrane and the 
connect ive t issue sheath clearly delineated the developing hair 
fo llicles, and the dermal papilla was a lso positive (Figs 4b, 5b). 
In some follicl es, staining of the latter seemed somewhat weaker 
than that of the surrounding dermis. 
E lectron Microscope Observations 
A deta iled study of the localization of fibronectin by immu-
noelectron microscopy in 16-, 18-, and 20-day fetal skin con-
firmed and extended the observations made at the light micro-
scope level. For comparison, similar a reas of skin were also 
processed for transmission electron microscopy and examples 
are shown (Figs 6a- 9a) alongside sections stained for fibronec-
t in by the immunoperoxidase method (Figs 6b- 9b). Electron-
dense reaction product was completely absent in control im-
munoelectron micrograp hs (not shown). It should be noted that 
immunoperoxidase-stained sections were not stained with 
heavy metals, thus permitting a clear demonstration of the 
reaction product. 
At 16 days, there was a fairly even distribution of fibronectin 
across t he basement membrane zone (Fig 6b) but at the later 
stages sta ining was most pronounced in the lamina Iucida and 
plasma membrane region (straight arrows, Fig 8b ). The dermal-
epidermal junction around hair germs was of special interest; 
fibronectin staining was found to be virtually continuous 
around hair germs, from their junction wit h the epidermis (Fig 
?b) to their base (not shown). In addit ion, continui ty of the 
basal lamina was evident fro m convent ional electron micro-
graphs of simila r regions of 18-day fetal sk in (Fig ?a). Another 
feature of the basement membrane zone worth noting is the 
repeated observation of points of contact of underlying mes-
enchymal cells wit h t he basement membrane (Figs 6a and ?a, 
stra ight arrows). An example of an epidermal cell protrusion 
through t he basement membrane similar to the type reported 
by Has himoto [22] and Breathnach and Smith [23) was also 
found (not shown). T hus, a lt hough the basement membrane 
appea red largely continuous, by both immuno- and conven-
t ional electron microscopy, t here was evidence fo r local 
breaches by cellular processes. 
T he narrow space between the basal lamina and the under-
lying mesenchymal cells was occupied by many fine collagen 
fibril s (Figs 6a-8a) and when t hese were viewed in cross section 
fine filamentous material was seen to surround t hem and run 
in to the basal lamina (Fig ?a, arrowheads). Large amounts of 
fib ronectin were a lso present in this zone (e.g., Fig ?b) and 
t here was a lso evidence for its association with collagen fib rils 
deeper in t he dermis. In part icular, rings of immunoperoxidase 
sta in of approximately t he same diameter as the neighboring 
fine collagen fibri ls (cf) could be seen (Fig 9b, arrows). The 
convent ional electron micrograph of a similar area again 
showed a delicate t racery of fine filamentous material surround-
ing and apparent ly connecting t he collagen fibrils adjacent to 
a mesenchymal cell (Fig 9a, arrows). 
The staining of mesenchymal cell surfaces suggested by the 
di stribu t ion pattern at t he light microscope level was confirmed 
by immunoelectron microscopy. Clear evidence of cell surface 
staining was obtained at each stage of development (Figs 6b, 
8b, 9b ); most of these cells were seen in t he upper dermis and 
were of the rounded, relatively undifferent iated type illustrated 
in Fig 9. 
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DISCUSSION 
T he sta in ing for fib ronectin t hat we observed in late feta l rat 
skin was much more widespread and often m ore intense than 
we had noted p reviously in adul t skin [2]. The difference lay 
main ly in t he dermis, where fib ro nectin was often closely 
associated with collagen fi br ils, perhaps as a component of t he 
fine fil amentous materia l seen a round a nd between t hem by 
conventional electron microscopy. T here was also fibronectin 
on the surface of many mesenchymal cells, and this type of 
membrane and t he more distan t matrix distribut ion of fi bro-
nectin has been observed in embryonic skin fibroblasts in vitro 
[24]. With the t rans it ion to t he adult type of connective t issue 
in skin , i.e. , coarser, t hicker bundles of collagen , fibronectin 
tends to become con cent rated in a reas of loose connect ive 
tissue, e.g., around muscle fibers and skin appendages. T hese 
regions a re a lso stained by ant ibodies to type III collagen [25] 
which has been directly shown to codistribute wit h fibronectin 
in feta l human dermis [26]. 
It seems very likely t herefore t hat much of t he fibronectin 
that we observed in t he dermis of feta l rat skin was associated 
with type III collagen ; t his would be in keeping. wi t h t he high 
affin ity of fibronectin for type III relative to t he other types of 
co llagen [3]. Detailed immunoelectron microscopy will be re-
quired to establish its molecula r associations in livin g t issue, 
but the observations reported here suppor t t he view t hat one 
function of fib ronectin in feta l dermis may be to participate in 
the formation and maturation of t he matri x [27,28]. Its pres-
ence on cell surfaces would also be cons istent wi t h a role in 
attachment of mesenchymal cells to t he collagenous matrix in 
vivo as well as in vit ro [29]. 
In addition to its widespread di stribut ion in t he mesenchymal 
matrix, fibronectin was a lso clearly localized in t he basement 
membrane throughout t he period studied. E xamination by im -
munoelectron microscopy showed t hat, as in adul t skin [2], 
fibronectin was present between the basal epidermal cell sur-
face and t he basal lam ina, wh ic h itself was not heavily sta ined 
except in 16-day sk.in . The subbasal lamina region again con -
tained m uch fibronectin , where t here was a lso much fil amen-
tous and co llagenous materia l. T he origin of basement mem-
brane fibronect in is unknown bu t we have recent ly shown that 
rat keratinocytes can produce it in vit ro [16] and t he localiza-
tion in vivo a lso suggests t hat it may originat e from t he epide r-
m is. The presence of fib ronectin in t he base men t membrane 
was maintained durin g t he formation of ha ir germs and their 
subsequent invasion of t he dermis, and ul trastructura l exami -
nation confirmed t he presence of an intact basal lamina, as 
noted by Carlsen [30] in hu man feta l ha ir follicles. H owever, 
we did obtain , as others have p reviously [22 ,23], evi dence of 
close epidermal contact at and t hrough t he basal lamina; there-
fore focal breaks in con t inui ty must exist. Contact between 
epidermal a nd dermal cells has been suggested to be important 
in restrai ning epitheli a l invasiveness durin g wound healing [31] 
and may have a similar role in t he involut ion of ha ir germs. 
Contact between t he mesenchyme and the basal la mina a round 
hair germs was a lso made by matrix materia l, as noted previ -
ously by Hashimoto [22], and this may be required to maintain 
cohesiveness of t he ha ir germ and associated mesenchymal cell s 
as they move in to t he dermis to form t he ha ir follicles. It . is 
perhaps not surpri sing, t herefore, t hat fibronectin wit h its 
ad hesive propert ies [10,29] is abunda nt in t hi s subbasal lamina 
region. 
In summary, t he distribut ion of fib ronectin in feta l rat skin 
provides furt her evidence for its ro le in mediating epit helial 
and mesenchyma l cell- matrix interactions. Fibronectin can 
promote either d irectiona l motili ty or stable organization of 
cells in vitro, depending on t he form of matrix [32], and t here 
is now a growing belief t hat fibronectin can provide a platform 
for cellular adhesion and movement in vivo, espec ially during 
ti ssue developmen t [33] and wound repair [34,35]. 
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Biochemical Modulation of Angiogenesis in the Chorioallantoic 
Membrane of the Chick Embryo 
RAYMOND L. BARNHILL, M.D. , M.Sc_* AND TERENCE J. RYAN , D.M. , F .R.C.P. 
Department of Dermatology, S lade Hospital an.d University a[ Oxford, Oxford, U. K. 
A variety of substances potentially having effects on 
angiogenesis in the skin were assayed on the chorioal-
la ntoic membrane of the chicken embryo (CAM)_ Milli-
pore filter discs alone and saturated with saline 0.9% 
(controls), keratinocyte-conditioned m edium, lactic acid 
10-1 M, adenosine 10-4 M, sodium fluoride 10-4 M, dini-
trophenol 10-4 M, histamine lo-·• M, 5-hydroxytrypt-
amine lo-·• M, acetylcholine 10_,, M, prostaglandin E2 3 
x lo-·• M, prostaglandin F 2 ,. 3 x 10-'' M, arachidonic acid lo-·• M, epidermal growth factor 5 x 10-5 g/ml, human 
plasma fibronectin 10-4 g/ml, acetylsalicylic acid 10-a 
M, and arachis oil were applied to the CAM and the 
vascular responses quantitated 4 days later_ None of the 
agents with the exception of keratinocyte-conditioned 
medium stimulated new vessel growth as compared to 
the controls. However, arachis oil (p < 0.001) and ADP 
(p < 0-01) were associated with significantly decreased 
vascular responses relative to controls. The specimens 
incubated with saline, fibronectin, ADP, and arachis oil 
were examined histologica lly ; with the exception of ar-
achis oil all displayed ectodermal epithelial and mesen-
chymal hyperplas ia of the membrane in association with 
increased vascularity. Almost no perceptible change was 
noted histologica lly with arachis oiL 
Despite a great deal of work in t he past decade to isolate and 
characterize substances modulating new blood vessel growth, 
much remains to be learned concerning the basic mechanisms 
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of angiogenes is. Over this period of t ime, t he list of agents 
postulated t.o effect vasopro li feration has continued to grow 
[1). S ince any factor affecting vascular tone (2], permeabili ty 
[2], endothelial mitos is (in vitro), or producing t issue or vessel 
injury [1] may theoretically influence vessel growth, t he length 
of such a list is not surprising. In addition, due to the difficulty 
in measuring angiogenesis, virtually all studies have used es-
sentially nonquant itative methods of assessing vessel growth , 
precluding statistical analysis [3). 
New vesse l growth in t he skin may be associated with in-
creased epidermal metabolic demands or inflammatory changes 
fo llowing a va riety of insults (2). Therefore, a host of substances 
could potentially influence vasoproliferation here as in other 
circumstances: tissue metabolites or inflammatory mediators 
released from injured or ischemic epidermis (2), or infiltrating 
inflammatory ce lls-mast cells [ 4), macrophages [5,6), neutro-
phils [7- 9), lymp hocytes (10- 13 ], or platelets [14-16]. Some of 
t hese agents- lactic acid (17], ADP (18], histamine (19], 5-
hydroxytryptamine [19], acetylcholine (19), prostaglandins (20] 
- have previously been reported to affect new blood vessel 
growth. In the present work, using a bioassay we have previ-
ously developed [21] employing t he chorioallantoic membrane 
of the chicken embryo (CAM) , we have reexamined the effects 
on vasculogenesis of t hese and other substances relevant to 
new blood ves el growth in the skin . 
MATERIALS AND METHODS 
Preparation of Eggs 
Ferti li zed eggs were obtained from local hatcheries, incubated, and 
processed according to the foll owing protocol slight ly modjfied from 
Zwilling [22]: 
Day 0 Incubation of fertili zed eggs at 37"C, approximately 70% 
humidity; eggs tu rned automatically every 30 min 
Day 3 Two milliliters of albumin aspirated from t he narrow end 
of egg, producing an air sac between the embryo and t he 
shell 
Day 4 Small window (approximately 5 mm) created in shell over 
the air space to prevent CAM from adhering to the shell in 
this area; window sealed with cellotape and returned to 
incubator 
Day 10 Large window (1-2 em diameter) made in same area (over 
